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The moment of inertia of the neutron star PSR
J0348+0432 and its proto neutron star
Xian-Feng Zhao1,2
Abstract The difference of the moment of inertia of
the neutron star PSR J0348 + 0432 and that of its proto
neutron star is studied in the framework of the rela-
tivistic mean field theory considering baryon octet. The
temperature of the proto neutron star PSR J0348+0432
is chosen as T=5 MeV. The calculations show that the
central baryon number density of the proto neutron star
PSR J0348+0432 is in the range 0.623∼0.813 fm−3, de-
creased by 2∼7% compared to that of the neutron star
PSR J0348+0432. The radius of the proto neutron
star PSR J0348+0432 is in the range 13.101∼12.419
km, increased by 1∼2% compared to that of the neu-
tron star PSR J0348+0432. The moment of iner-
tia of the proto neutron star PSR J0348+0432 is in
the range 1.939×1045∼1.638×1045 g.cm2, increased by
about 2∼7% compared to that of the neutron star PSR
J0348+0432.
Keywords moment of inertia; relativistic mean field
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1 Introduction
Neutron star (NS) is a high-speed rotating object (1).
To describe the rotational nature of NSs, we should
know its moment of inertia, which can be calculated
by the equations derived from the general theory of
relativity (2; 3).
The equation of state (EoS) of the dense matter
would influence the moment of inertia, conversely, the
measurements of the moment of inertia (e.g. PSR
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J0737-3039A) can also constrain on the dense matter
EoS (4). A measurement of the moment of inertia of
PSR J0737-3039A with 10% error, without any other
information from observations, will constrain the EoS
over a range of densities to within 50%∼60%. Tidal de-
formabilities between 0.6 and 6×1036 g.cm2s2 (to 95%
confidence) for M = 1.4 M⊙, and any measurement
which constrains this range will provide an important
constraint on dense matter (24). If the EoS is trusted
up to the nuclear saturation density, a measurement of
the moment of inertia will place absolute bounds on the
radius of PSR J0737-3039A to within ±1 km (6).
In addition, the moment of inertia of the crust of
a NS can explain the observed glitch activity of young
pulsars arising from the exchange of angular momentum
between the crust and the interior of the star (7).
Recent years, massive NSs have been discovered,
such as NS PSR J1614-2230 (8) and NS PSR J0348+0432 (9).
A great number of theoretical calculations have been
made for these massive NSs (10; 11).
But on the moment of inertia of the massive proto
neutron star (PNS), which is very important for the un-
derstanding of the stellar evolution, there is little work
to do. The reason may be that the life of the PNS is
very short and to observe it will be difficult. For ex-
amle, for a PNS with massM=1.4 M⊙, its temperature
T will change from 30 MeV to 5 MeV within t=0∼20
s (12). For the massive PNSs, the cases should be sim-
ilar.
In this paper, we study the difference of the moment
of inertia I of the NS PSR J0348+0432 and that of
its PNS in the framework of the relativistic mean field
(RMF) theory.
22 The RMF theory and the parameters
The Lagrangian density of hadron matter reads as fol-
lows (1)
L =
∑
B
ΨB(iγµ∂
µ
−mB + gσBσ − gωBγµω
µ
−
1
2
gρBγµτ · ρ
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1
2
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−
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g2σ
3
−
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4
g3σ
4 +
∑
λ=e,µ
Ψλ (iγµ∂
µ
−mλ)Ψλ. (1)
Here, the RMF theory is used (1). The energy density
ε and the pressure p of a PNS are seen in Refs (13) and
those of a NS in Refs (1). The Tolman-Oppenheimer-
Volkoff (TOV) equation and moment-of-inertia equa-
tion are used to obtain the mass, the radius and the
moment of inertia of a NS/PNS (1).
3 Parameters
In this work, the nucleon coupling constant is chosen
as the GL85 set (14): the saturation density ρ0=0.145
fm−3, binding energy B/A=15.95 MeV, a compression
modulus K = 285 MeV, charge symmetry coefficient
asym=36.8 MeV and the effective mass m
∗/m=0.77.
We define the ratios of hyperon coupling constants
to nucleon coupling constants as follows: xσh =
gσh
gσ
,
xωh =
gωh
gω
, xρh =
gρh
gρ
, with h denoting hyperons Λ,Σ
and Ξ.
We select xρΛ = 0, xρΣ = 2, xρΞ = 1 by SU(6)
symmetry (15). According to the experimental data,
the hyperon well depth is U
(N)
Λ = −30 MeV (16),
U
(N)
Σ = 10 ∼ 40 MeV (17; 18; 19; 20) and U
(N)
Ξ = −18
MeV (21), respectively. Then, U
(N)
Λ = −30 MeV,
U
(N)
Σ =+30 MeV and U
(N)
Ξ = −18 MeV are chosen in
this work.
The ratio of hyperon coupling constant to nucleon
coupling constant is in the range of ∼ 1/3 to 1 (22).
Therefore, we choose xσΛ=0.4, 0.5, 0.6, 0.7, 0.8, 0.9 at
first in this work. The hyperon coupling constants xωΛ
can be obtained by considering the restriction of the
hyperon well depth (1)
U
(N)
h = mn
(
m∗n
mn
− 1
)
xσh +
(
gω
mω
)2
ρ0xωh. (2)
Thus we obtain parameter (xσΛ, xωΛ)=(0.4, 0.3681;
0.5, 0.5090; 0.6, 0.6500; 0.7, 0.7910; 0.8, 0.9320) (named
as parameter α). Similarly, we can obtain (xσΣ,
xωΣ)=(0.4, 0.7597; 0.5, 0.9007) (named as parameter β)
and (xσΞ, xωΞ)=(0.4, 0.4464; 0.5, 0.5874; 0.6, 0.7284;
0.7, 0.8693) (named as parameter γ).
We can get 40 sets of parameters by taking each from
parameters α, β and γ (named as No.01, No.02, ... ,
No.40, respectively).
In order to study the nuance in nature between the
PNS PSR J0348+0432 and the NS PSR J0348+0432,
we select the temperature T=5 MeV in this work.
4 The mass and radius of the NS/PNS PSR
J0348+0432
For parameters No.01∼No.40, we calculate the mass
of the PNS PSR J0348+0432 (see Fig. 1). We
see that parameters No.36 (xσΛ=0.8, xωΛ=0.9320;
xσΣ=0.4, xωΣ=0.7597; xσΞ=0.7, xωΞ=0.8693) and
No.40 (xσΛ=0.8, xωΛ=0.9320; xσΣ=0.5, xωΣ=0.9007;
xσΞ=0.7, xωΞ=0.8693) can give the mass of the PNS
PSR J0348+0432. For parameter No.40, the maximum
mass of the NS PSR J0348+0432 is M=2.052 M⊙. So,
we can use parameters No.40 to describe the PNS PSR
J0348+0432.
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Fig. 1 The mass M of a NS/PNS as a function of the
radius R.
The mass M of the NS/PNS J0348+0432 as a func-
tion of the central baryon number density ρc is shown
in Fig 2. We see that the baryon number density of
the PNS J0348+0432 is in the range ρ5c=0.623∼0.813
fm−3, which is smaller than that of the NS J0348+0432
(ρc=0.633∼0.870 fm
−3). Temperature effect makes the
baryon number density of the PNS J0348+0432 in-
creased by about 2∼7% compared to that of the NS
J0348+0432. These also can be seen in Table 1.
The radius R of the NS/PNS J0348+0432 as a
function of the central baryon number density ρc is
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Fig. 2 The mass M of the NS/PNS as a function of the
central baryon number density ρc.
Table 1 The radius R and the moment of inertia I of the
NS/PNS PSR J0348+0432 calculated in this work. Here,
the mass of the NS/PNS is in the range M=1.97∼2.05 M⊙.
T ρc R I
MeV fm−3 km ×1045 g.cm2
0(NS) 0.633∼0.870 12.957∼12.143 1.906∼1.537
5(PNS) 0.623∼0.813 13.101∼12.419 1.939∼1.638
shown in Fig 3, from which and Table 1 we see the
radius of the PNS PSR J0348+0432 is in the range
R5=13.101∼12.419 km, which is larger than that of the
NS PSR J0348+0432 (R=12.957∼12.143 km). The ra-
dius of the PNS PSR J0348+0432 increases by about
1∼2% compared to that of the NS PSR J0348+0432.
5 The moment of inertia of the NS/PNS PSR
J0348+0432
The moment of inertia of the NS/PNS PSR J0348+0432
as a function of the mass is shown in Fig 4. The
upper half curve represents stable NS/PNS and the
lower half curve represents unstable ones. We see that
the moment of inertia of the PNS PSR J0348+0432
is larger than that of the NS PSR J0348+0432 cor-
responding to a same baryon number density ρc. If
I5 is defined as the moment of inertia of the PNS
PSR J0348+0432 with the temperature of T=5 MeV,
we also see that the moment of inertia of the PNS
is in the range I5=1.939×10
45∼1.638×1045 g.cm45
while that of the NS PSR J0348+0432 is in the range
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Fig. 3 The radius R of the NS/PNS J0348+0432 as a
function of the central baryon number density ρc
I=1.906×1045∼1.537×1045 g.cm45. Temperature ef-
fect makes the moment of inertia of the PNS PSR
J0348+0432 increased by about 2∼7% compared to
that of the NS PSR J0348+0432.
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Fig. 4 The moment of inertia of the NS/PNS PSR
J0348+0432 as a function of the mass.
In order to study the relationship between the mo-
ment of inertia I and the central baryon number den-
sity ρc, the moment of inertia of the NS/PNS PSR
J0348+0432 as a function of the central baryon number
density ρc is shown in Fig. 5. The right half curve repre-
sents stable NS/PNS and the left half curve represents
unstable ones.
We see the moment of inertia of the NS/PNS PSR
J0348+0432 decreases with the increase of the central
baryon number density ρc. We also see that the mo-
ment of inertia of the PNS PSR J0348+0432 is larger
40.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1.0x1045
1.2x1045
1.4x1045
1.6x1045
1.8x1045
2.0x1045
2.2x1045
I (
g.
cm
2 )
 T=5 MeV
 T=0 MeV
 T=5 MeV, I=1.939X10 45~1.638X10 45 g.cm2 
 T=0 MeV, I=1.906X10 45~1.537X10 45 g.cm2 
          M=1.97~2.05 M
c  (fm
-3)
Fig. 5 The moment of inertia of the NS/PNS PSR
J0348+0432 as a function of the central baryon number den-
sity ρc.
than that of the NS PSR J0348+0432 corresponding to
a same baryon number density ρc.
6 Conclusions
In this paper, the difference between the moment of in-
ertia of the NS PSR J0348+0432 and its PNS is studied
with the RMF theory.
The calculations show that the radius of the PNS
PSR J0348+0432 is in the range R5=13.101∼12.419
km while that of the NS PSR J0348+0432 is in the
range R=12.957∼12.143 km, which is consistent with
the results of Steiner et al (24). The radius of the PNS
PSR J0348+0432 increases by about 1∼2% compared
to that of the NS PSR J0348+0432.
We also see that the moment of inertia of the
PNS PSR J0348+0432 is in the range I5=1.939×10
45
∼ 1.638×1045 g.cm45 while that of the NS PSR
J0348+0432 is in the range I=1.906×1045∼1.537×1045
g.cm45. The moment of inertia of the PNS PSR
J0348+0432 increases by about 2∼7% compared to that
of the NS PSR J0348+0432.
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